Abstract. Agricultural transport roads play an important role not only from the point of view of individual farm holdings, but also the general development of rural areas. Roads constitute an element of the technical infrastructure indispensable for communication and transport; they play a role in shaping the rural landscape, and the routes they follow affect the forms and size of agricultural land and forest areas found within the area covered by a given road system. The existing public road network does not always provide access to all fields. Farming on parcels without road access is connected with very high crop production costs, and the necessity to pass through plots belonging to other owners is a source of additional losses and, sometimes, conflicts with neighbours. The aim of this article was to present the values of the synthetic measure obtained in the study that allowed us to identify groups of villages, which differed in terms of access of parcels to roads. The ranking was established using the zero unitarisation method. This method makes it possible to standardize diagnostic variables by examining the range of a feature. The research area encompassed 30 villages with a total area of 26 258.72 ha, divided administratively into 45 525 land parcels (cadastral plots). The types of villages identified in the study vary in terms of access of parcels to roads, which may be considered as one of the criteria for determining the order in which the villages should be subjected to land consolidation and exchange. Information regarding the number of parcels with no road access is one of the most important components of the assessment of the demand for land consolidation in the area under study. By definition, land consolidation measures are intended to improve and rearrange the transport network (in particular the network of agricultural transport roads) and create conditions allowing farmers legal access to plots. Free access to fields contributes to viable and profitable agricultural production.
Introduction
Activities aimed at the improvement of instruments of rural development have been undertaken in Europe for many years. Those focusing on the changing the ownership structure, implemented through the traditional process of land consolidation, are gradually replaced by multifunctional activities for rural development, considering elements of environmental protection, agricultural landscape management, and solutions concerning soil and water protection. Such development must be accompanied by the application of new pro-ecological design and material-technological solutions regarding the construction of rural roads. The roads should be designed with possibly the fullest consideration of a rich resource of data on a given area, performance of many spatial analyses, and decision making in the scope of selection of the most appropriate solutions acceptable to all stakeholders (e.g., residents, farmers, local authorities, entrepreneurs, and investors) [1] .
One of the factors, which affect crop production costs, is the spatial arrangement of farmland in agricultural holdings, which may be influenced by the layout of buildings and access roads, as well as the size of the village and the farm. The distance from the farmstead to the farming plots should be no longer than 0.5-1.0 km in the case of concentrated settlement. In actuality, however, fields can be located as far as several kilometres away from the farmstead. The necessity to travel such long distances generates considerable costs, with a farmer who has to travel one kilometre to his/her field losing up to 10 % of the crop production profit [2] .
One way of reducing the distance from farmstead to field is to improve the layout of the transport network by introducing land consolidation and exchange measures. The decisions taken as part of a consolidation project have a huge impact on the costs of transporting agricultural machines, production materials, and crops. They also affect the aesthetics and functionality of the agricultural landscape. Moreover, land management interventions provide the possibility of reclaiming agriculturally useless land, i.e. finding alternative uses for the so-called problem areas of agriculture [3; 4] and improving a defective spatial structure, characterized by large scattering of privately-owned farmland [5] , as well as a high degree of fragmentation [6; 7] . Land consolidation contributes to the establishment of a proper real estate cadastre [8] [9] [10] [11] [12] [13] [14] [15] [16] .
To avoid mistakes in transforming the landscape, prior to consolidation, the existing roads should be thoroughly assessed for their technical condition and spatial layout from the perspective of their current and prospective suitability for agricultural transport. The roads have to be assessed quantitatively and qualitatively, and the shortest distances from farmsteads to farmland have to be determined. When the existing road system is assessed as being poor, then its transformation consists in [17] :
• providing every parcel with access to the farmstead,
• adjusting the density of the road network to the newly created spatial structure of land,
• making sure that each parcel has access to as many roads as possible,
• removing obstacles to the movement of agricultural machines and special purpose agricultural vehicles (narrow roads, difficult bends, etc.), • adapting the routes to the existing landforms and the system of water drainage facilities.
• Another important factor affecting the impact of road accessibility on the costs of crop production is the arrangement of fields in relation to roads. There are two basic field access layouts: • two-sided, in which parcels are situated between two roads and can be accessed from two sides from all roads, • one-sided, in which a parcel adjoins the road at one of its shorter sides, while the other side adjoins the neighbouring field [9] .
For parcels of small lengths (up to 180 m), the crop production costs related to the arrangement of farmland are higher for parcels with two-sided access compared to those with one-sided access. For longer plots (150-200 m), an opposite relationship is observed. This means that, in order to prevent an increase in crop production costs, long plots should be provided with two-sided road access [18] .
The aim of this present article was to investigate the differences in the spatial structure of the villages located in the Biłgoraj commune in the Lublin Province, which have no direct connection to the road network. A map showing the geographical situation of the commune of Bilgoraj is presented in Fig. 1 .
Fig. 1. Geographical situation of study area
The investigated commune encompasses 30 villages (excluding the village of Teodorówka -no cadastre data) occupying a total area of 26 258.72 ha. The area is administratively divided into 45 525 cadastral plots. The types of villages identified in the study vary in terms of road access, which may be considered as one of the criteria for determining the order in which the villages should be subjected to land consolidation and exchange.
Materials and methods
Firstly, the percentage of parcels without direct access to public roads and the percentage of area occupied by the parcels without direct road access were determined for each village using GIS tools. The analysed parcels were serviced by roads located in the neighbouring cadastral communities. The factors obtained were used to create a ranking, which enabled us to determine the differences in the spatial structure among the examined villages, which had no connection to the road network.
Four factors were used to create the ranking: x 1 -total area of a village, x 2 -total number of parcels, x 3 -percent of parcels with no road access, and x 4 -percent of the area occupied by parcels without access to a road. The ranking was established using the zero unitarisation method. This method makes it possible to standardize diagnostic variables by examining the range of a feature [19] . The diagnostic variables, which describe a given object, can be divided into three groups [20] x -variable prior to standardization; x max -maximum value of a variable in a given set; x min -minimum value of a variable in a given set; x opt -optimal value of the variable in a given set.
The standardization of diagnostic features is a preliminary step, which leads to a consolidated multi-criteria evaluation of each of the objects under consideration. The consolidated evaluation of each object is obtained by aggregation. In order to obtain a synthetic measure, average values of the sets characterizing the respective features are calculated using the following formula:
Standardized measures are in the range <0; 1>. The results are interpreted as the average of the optimum values achieved by each object. Accordingly, the higher the value of the synthetic measure, the higher the position of the object in the ranking.
Results and discussion
The values of the synthetic measure obtained in the study allowed us to identify groups of villages, which differed in terms of access of parcels to roads. The analysis of the results obtained for the villages of the commune of Biłgoraj allowed us to create a ranking, which showed that there were differences among the villages in the access of farmland to the previously defined road network. A map showing these differences is given in Fig. 2 . In the investigated administrative district, the lack of roads providing access to parcels is a grave issue, which requires the introduction of land management measures. Land consolidation should be carried out in the order shown in Table 1 . The villages in Fig. 2 are clustered in groups that indicate which areas should be consolidated first. Because the values of the synthetic measure are similar for neighbouring villages, it is advisable to implement land consolidation projects in several villages at the same time. Such a strategy will facilitate and accelerate land management activities. In addition, it will create an opportunity to remove other existing defects, e.g. regulate the irregular boundaries between villages.
Conclusions

4.
The road transport system plays a particularly important role in the proper functioning of farm holdings. 5. Appropriately arranged roads, which can accommodate internal agricultural transport, should provide direct access to each separately cultivated plot and a connection to the farmstead. 6. The present study regarding the differences in the spatial structure of agricultural areas in the Biłgoraj commune, which have no access to a public road, provides important data for the prioritization of land consolidation activities in this administrative district. 7. Our results show that the lack of access to plots is a large problem in the Biłgoraj commune. 8. This observation points not only to the need for land management interventions in this rural area, but also the large costs, which need to be incurred in constructing a new road network. 9. The values of the synthetic measure obtained in the study allowed us to identify groups of villages, which differed in terms of access of parcels to roads. 10. The analysis of the results obtained for the villages of the commune of Biłgoraj allowed us to create a ranking, which showed that there were differences among the villages in the access of farmland to the previously defined road network. 11. The development of modern transport means should be accompanied by modernization and restructuring of the road network in rural areas, because their poor technical condition hinders and sometimes prevents the efficient use of the transport resources at the disposal of farm owners.
